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What does HPLC mean?

High Pressure Liquid Chromatography
High Priced Liquid Chromatography
Hewlett-Packard Liquid Chromatography
High Performance Liquid Chromatography
Hocus Pocus Liquid Chromatography

High Patience Liquid Chromatography

HPLC in Pharmaceutics
Quantitative Analytical Technique No 1

Discovery Testing
(Pharmakokinetics &
pharmacodynamics)

Phase I
Trial

compound New Drug
selegtion Application

Cl ica
Synthesis
cale-up
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APPLICATIONS OF HPLC

Veterinary

Blomedlcal and Cllnlcal

Agriculture &
Food Chemistry

The Chromatographic Process

B+A Mobile phase -

visks

Distribution: 034
0.32 Area A = 300,000 o
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Elution through the Column _-movie Minutes

Time

Tswett's Experiment

+all Glass Open Column filled with
Sand-Like Particles (1903)

* Ground-up Plant Extract in Solvent A

* Poured into the Column and
noticed Colored Bands develop
as the Extract percolated
down through the Column

* Different Compounds had Separated

Chromato =
Graphy =

Color
Science/writing

Note: Tswett means color in Russian

Low Performance Liquid Chromatography

load
sample solvent

column
containing
stationary
phase
collect

‘e’ componants

Gravitational Chromatography
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HPLC System Components

Detector

Control &
Data
Processing

Fraction
Collector

Pump Auto Sampler HPLC Column
flows 50-5000uL/min) in Oven

Normalized concentration

Comparison of Performance
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Elution volume (mL)

o

AU

Benefits of HPLC: Sensitivity

HPLC
0.24 — 0.00006AU
022
0.20 - Standard Injection
0.18
016 -

014 :
012 °

0.10 - 920
Minutes

0.08 -
0.06 -
0.04 -
002 -

4000x Dilution of Standard

6.00 800 \ } 12.00 14.00
Minutes

0.00 :

2.00 4.00

Benefits of HPLC:

Analysis of Complex Sample of Related Compounds
HPLC

Response

20.00 i 40.00 60.00
tr Minutes r=sr=s= >
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The importance of efficient chromatography

LAYOUT

* Introduction & Applicability

* Modes of Chromatography

» Quantitative work and System
Qualification.

PACKED COLUMN 1

PRINCIPLE OF SEPARATION:

ADSORPTION
PARTITION
NORMAL PHASE I
REVERSED PHASE I
SOLUTES: |
LIPOPHYLIC: MOST OF THE I
OILS, FATS, LIPIDS I BIOMEDICAL SUBSTANCES

CONDITIONS: |

/

AQUEOUS MIXTURES WITH
METHANOL, ACETONITRILE AND
ADDITIVES (BUFFERS, ION -PAIRS)

ORGANIC SOLVENTS: n-HEXANE, HEPTANE,
CHLOROFORM, ALCOHOLS

I I CONDITIONS:
AQUEOUS BUFFERS OR ORGANIC

SOLUTIONS SOLVENTS

/

AQUEOUS BUFFERS
AND SPECIAL
ADDITIVES

[ High Performance Liquid Chromatography I
PRINCIPLE OF SEPARATION: :
ION-EXCHANGE J SIZE-EXCLUSION J BIO-AFFINITY J CHIRALITY 1
I I SOLUTES: : I I
INORGANIC IONS, I POLYMERS, PROTEINS, I
PROTEINS &
ACIDS, BASES NUCLEIC ACIDS ENZITES I TSN EES 1

AQUEOUS OR
ORGANIC SOLVENTS

| AQUEOUS BUFFERS, IONIC
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REVERSED PHASE Clinical Applications
90% of all HPLC Applications
SOLUTES:
W
MOST OF THE : H -
BIOMEDICAL SUBSTANCES R ' 4
b T =
Chronic Monitoring Witamin Risk Factor Osteoporosis Biogenic
Alcohol- Ozidative Profiling for Arteria- Diagnosis Amines
CONDITIONS Abuse Stress sklerosis
- S
' & _- l[@ %
: B e || %
I e - -
AQUEOUS MIXTURES WITH METHANOL, ACETONITRILE | Drog Hontor- Medicme ™ promime” Tomeat™ llevel  Inswuments
AND ADDITIVES (BUFFERS, ION -PAIRS) ing Crom) e e
Sets
Chromatographic Process: lonizable
Reversed Phase Molecules
Mobile phase: Ry Q
- Water, Buffers Ri=N-R3 R’C‘OH
l W '™ MeOH, Acetonitril, IPA R, CARBOXYLIC ACIDS
- - AMINES - 1,2,3,4
B+A ™ m
Hydrophobic NH R—OH
Stationary
FiEED A ALCOHOLS OH OH
- r
‘\ R-O-(ﬁ)‘-OH R-(ﬁ)‘-OH
B D istri buti 0 n : \‘ PHOSPHATES PHOSPHONATES
K= Cs/Cm B (More Hydrophobic)
CI)H (I)H
R-O-S-OH
A g— R—g— OH | R-SH
) ) o SULPHATES SULPHONATES THIOLS
Migration through the Column
Chromatogram
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ELUTION ORDER IN REVERSED PHASE

mwmnzO0oTunmao

0 VOID
L

TIME (MIN.)

Reversed Phase Elution Order: Propyl>Meth)

0.30

0.25]
OH

2 0.15]

0.104

o Methylparabe

Propylparabene

R R e e T B o e AL S A e oy o e e L AR
0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00

Minutes

Chromatographic Process in Reversed Phase Mode:

Polar Mobile Phase and A -polar Stationary Phase
Mobile phase polar:
- Water, Buffers

l - ™ MeOH, Acetonitril, IPA
B+A e ™

Hydrophobic

Stationary
Phase
- B Distribution:
K=CyJCn B (More Hydrophobi
t=0
.

Migration through the Column: Hydrophobic

Components are Retained Longer Chromatogram

MOBILE PHASE
Parameters that Affect Separation
* TYPE OF MODIFIER (MeOH, ACN)
* MOBILE PHASE COMPOSITION (% modifier)
*  pH
*  TYPE OF BUFFER (phosphate, acetate)
* IONIC STRENGTH (Salts, buffer concentration)

* ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)
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MOBILE PHASE

STATIONARY PHASE

SOLVENTS:
water, methanol,
acetonitrile

ADDITIVES:
buffers, salts, ion-pairing
reagents, complexants.

CHEMISTRY:

* BONDED HYDROCARBON:
C-18,C-8,C-4,C-1

* % COVERAGE
* ADSORBED SURFACTANTS

* TYPE OF SILICA GEL

GEOMETRY
* SPHERE- IRREGULAR
* PARTICLE DIAMETER
* POROSITY

MOBILE PHASE
Parameters that Affect Separation

TYPE OF MODIFIER (MeOH, ACN)
MOBILE PHASE COMPOSITION (% modifier)
pH

TYPE OF BUFFER (phosphate, acetate)
IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

OPTIMIZATION: CHOICE OF SOLVENTS

JAu *

20% MeOH —\— /\J\

A

20% ACN J_Aj\-/\

JL

20% EtOH Jh “ J\
20% THF M

main solvent: H

0 |

MOBILE PHASE
Parameters that Affect Separation

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)
pH

TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)
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SOLVENT STRENGTH OPTIMIZATION: % SOLVENTS

Analyte Retention as a Function of % Modifier: Nega  tive
Slope

k (retention) for each .5 ST “ /\ /\ /\
analyte changes | e 20% MODIFIER

4 —A—8TInkK
independently as % > 10Tk |
Modifier changes. 261

] —=-15T Ink'
| —e—30Thk |
40% MODIFIER !

Ink'

Thus, the resolution

between peaks changes.
0.5 |
. ‘
R-To ; 60% MODIFIER
. -15 +
k - o] 4 8 12 16 20
t ACN . .
0 * The higher the % of modifier
Fig. 2. Isocratic retention behavior of oligodeoxythymidines.
Longer oligonucleotides shor a sharper decrease in retention it The sorter are all RT
the change of mobile phase strength. XTerra MS C;3 30 X4.6 mm.
v 25 pm: flow-rate 1 ml/min, 60°C. Mobile phase consisted of 80% MODIFIER _|
M. Gilar et al /J. Chromatogr A 958 (2002) 167-182 acetonitrile and 0.1 M TEAA, pH 7. Retemtion factor & for

selected oligonucleotides was measured at 4, 6, 8, 9, 10, 10.5, 11.
12, and 13% (v/v) ACN

MOBILE PHASE N N
pH as a Selectivity Tool For Impurities

1 2 pH 9 Ammonium Bicarbonate

*  TYPE OF MODIFIER (MeOH, ACN)

*  MOBILE PHASE COMPOSITION (% modifier) pH 7 Sodium Phosphate

fondadnd, 5.8
C-
5
===y
¢

* pH

i 1 2 ” pH 5 Ammonium Acetate
*  TYPE OF BUFFER (phosphate, acetate) BJ\/\ Lu/d LwJ JM

*  |ONIC STRENGTH (Salts, buffer concentration) = = s s = =

i 1 5 pH 2 Sodium Phosphate
*  |ON-PAIRING REAGENTS (alkyl-amines, -sulfonates)
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lonization of Acids and Bases

Dissociation of Molecule

Acid

(Un-ionized) (lonized)

50% @ pKa 50%
100%—— Low pH— 0%
0%e— High pH— 100%

lonization of Acids and Bases

Dissociation of Molecule

Base

B

(Un-ionized)

(lonized)

50% @ pKa 50%
0%— Low pH— 100%
100%+=— High pH—=> 0%

Retention Factor -Linear

Retention Factor versus pH for Acids, Bases and Neut  rals

1 Acids (HA) ko Ko ot B
~ A [H]
1 (pKa=4.8) k a Ka Un-lonized

T Un-lonized
T / Neutral

~ -

Aﬁbarent pKa

A
lonized

Bases (BH )
(pKa=9.0) - lonized /

01 2 3 45 6 7 8 9 1112 13 14
pH (mobile phase)

MOBILE PHASE
Parameters that Affect Separation

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)

pH
TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)
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Types of Buffers Used in Reversed Phase
Mode

Commonly Used Buffers for Reversed Phase HPLC

Buffer pKa Buffer Range UV Cutoff (nm)
Phosphate 21 1.1-31 200
12 6.2-82
123 11.3-133
Formic acid* 38 28-48 210
Acetic acid*® 48 38-58 210
Citrate 3.1 21-41 230
47 371-5h7
5.4 44-64
Tris 83 73-93 205
Triethylamine* 11.0 10.0-12.0 200
Pyrralidine 13 10.3-12.3 200

* Volatile buffers

MOBILE PHASE
Parameters that Affect Separation

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)

pH
TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

k' Does not Change Significantly as Function of
Buffer Concentration

K' vs Buffer Concentration

4
v v
v v
3
= -
N N N 5N-2,4,6T
A o 4A-6C-1,3B
2
A HCT
= <] [} o © v ™T
1
= = =
oLl | 1 1 \L_H | L |

10 30 50 70 90

20 40 60 80 100
mM NaH2PO4 pH 5.5

Dr

MOBILE PHASE
Parameters that Affect Separation
TYPE OF MODIFIER (MeOH, ACN)
MOBILE PHASE COMPOSITION (% maodifier)
pH
TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl -amines, -sulfonates )
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lon Pair Reagent

[riethylamine (TEA) ,Z

Ha Ngmm

Pentanesulfonate/\/\sog Na+
Hexanesulfonat s Nat

O—le-bO-{;G-b“ o+
CHCHHG 7@50‘{20-&0-&0‘5
1 Heptanesulfonate” > " SO, Na+

[Tetrabutylamine (YBA)
Wfﬁﬂglowm
CH

Dibutyl-dimethylamine

Octanesulfonate” >">"\50: Na*
Dodecylsulfonate”~ " "~ _S0; Na+

% &"

% &"

Choice of lon -Pairing Reagent

& #"

! 1 | o o#-
REURESRRIRI I

) I )
1112 13 14 15 1617

Reversed Phase Advanced Features

CHEMISTRY:

C-18, C-8, C-4, C-1, CN, phenyl
* % COVERAGE
* TYPE OF SILICA GEL

GEOMETRY
* SPHERE- IRREGULAR

* PARTICLE DIAMETER
* POROSITY

Dr. Shulamit Levin

http:/iwww.forumsci.co.il/HPLC

Making a Bonded Phase Material: Synthesis

\ _C C C C
Si/ \C/ \C/ \C/ \CH3

o} o/\

+ HCI
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Surface of a Silica Gel
Bonded-Phase Packing Material

Csalkyl chains

HsQ \kc HaC HZC\
\CH \CH \CHZ CH,
' : / /
H C/ H c/ H,C¢ H,C
’ : \ \
\CHZ \CH2 /CH2 /CM2
H C/ H c/ H,C HL
3 N \ \
CH, 'CH, CH, C/CH2
i ; H,e” H
“2°\/ residual silanol “2°\/ < N endcap
'f“z CH, 'CH, e |CH2 e |CHZ
RN N |si/CH3H3C\S‘/CH3H ° \S‘/CHEHG gt
O/H | H o K \o b o X A - L
? k | L \/ o |

& Si

; o
e é é él é\ Si Si I i
O/é ~ és'\o/cé ‘\O/A ‘\O/C/) \O/é \O/é \O’A So \O/(/)s\\o/és'\o

Mixed-Mode Retention

Mobile
Phase PH <3

Si- OH

Mobile
Phase PH>3

Si—-0~

Stationary Phase Properties

* BONDED HYDROCARBON:

CHEMISTRY:

C-18, C-8, C-4, C-1, CN, phenyl
* 9% COVERAGE
+ TYPE OF SILICA GEL

* L.
26 1 Reversed-Phase Column Selectivity
- Waters Spherisorb® S5 P Chart
3.3
34
2.7 @ Waters Spherisorb® S5CN
| @ NovapakecnHP Waters Spherisorb® ODS1
2.4 4 Inertsil® Ph-3 o Resolve® C18
@ Hypersil® Phenyl
T21
£ @ Waters Spherisorb® ODS2
2‘-‘% 18 @ | Bondapak™ C18
£ § YMC-Pack™ YMC J'sphere™
BE15 HVDE’S‘W:"S Cyano nertsile CN-2 Phenyl @ ODS-180 # Nucleosil® C18
<Q ® & NovaPak® Phenyi
% £12 4 Hypersil® BDS Phenylqy YMChasic™ . ’;(MCJSD"E’E ©ODs-M8o
H Krora® ¢ COTOITNOYEPAKD  yyiC yopherem 0DS-HE0
Z09 ¢ ® Phenyl P8 S’:
= 0.9 7 - - . Nova-Pake  Luna 'YMC-Pack™ ODS-AQ™
< YMC-Pack™ CN YMC-Pack™ ProCa™g, o gicg  PhenyI Y@ uianis® go1s
=06 MC-Pack GO CEY o & & vCPack™ ODS-A™
.6 'ACT Acew 18 Symmetry@ Cgy” Zorbax® XDB C18
® Luna® , @
XTerra® MSC8 ey VMW»& R @ nertsil® 0DS-3
0.3 Pro C18 SunFire ™ C18
SunFite ™ O renae s g8, 4 L g &%
C18 ®5ymmetry® C18
o SymmetryShield™ RP, @
XTerra® RP1§, o orbax® SB C18
. ¢ SymmetryShield™ RP18
0.3 7
: XTerra® RP8
YMC-Pack™ PolymerC18™
-0.6 : . :
-1.5 -0.5 0.5 15 25 35

Retentivity
(In [K] acenaphthene)

GEOMETRY
* SPHERE- IRREGULAR

* PARTICLE DIAMETER
* POROSITY

Dr. Shulamit Levin, Medtechnica

Shula_Levin@medtechnica.co.il




High Performance Liquid Chromatography - HPLC

Introduction, Modes and System Suitability

Column Selection

uppor
[Sica Sase}

$pherica|‘ ‘Monolith‘ ‘Irregular‘

Non-Silic

Polymeric

Carbon
Zirconia

c18,c8|  Op, C4, CL, CN, Phenyl, NH2

PEorIT::eg :joeudp

Extended pH‘ Limited pH ‘

NORMAL PHASE

ADSORPTION |

|
SOLUTES
/

LIPOPHYLIC:
OILS, FATS, LIPIDS

CONDITIONS }

ORGANIC SOLVENTS: n-HEXANE,
HEPTANE, CHLOROFORM, ALCOHOLS

Examples for NORMAL PHASE SOLUTES

Oy NN 000
| &
O

Gom
Prostaglandin Gz

e, M cny
o, ] o.
[N - -
1 COOH ,
O > (a sterol) (cholecalciferoly (a steroid hormane)

OH
Prostaglandin H,

Phospholipids

CH,(CH,),CH=CH(CH, ).rmmjn,
CHy(CH,),CH=CH(CH,);C(0)O-CH
CH,(CHY),,C(0)0-CHy

c18:1 c18:0
c18:1 c18:0
c16:0 c18:0

Triglycerides

2
ij/\f\ _/va./lw,./"\ /\\T/:\ /:\l,/nﬁ/rj

b -carotene
http://cellbio.utmb. edu/cellbio/membrane_intro.htm Beta-carotene

NORMAL PHASE Pore

SOLVENTS: n-hexane, chloroform , ethanol, 2-
propanol, MeCN, MeOH

PORE

Silica bare or NH2/Alk-OH bonded

Dr. Shulamit Levin, Medtechnica
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Retention on Silica and Hydrophilic Interaction Liq
Chromatographic (HILIC) support

ACN/H20
H20 o (mn

90% ACN

H
N, Ao 9.
\ro | 77 i—
Si
| -_— N o" o
N Hor L f\/
4 S
N NH, lo-n(i
e & W L‘?O‘s‘/\
i o-mo~g” N
o.oH- ol A °
0 HoH o 7.0~
—olc ho i e a TS
I —s 5z = e
s A S0,
N ISIE0 IR Yoo Ca R
A D s O A\
Qup el TS e s VS
& Mrou’ Moo sit) S\i\ s
oS oo g0y i~
oL DR
EREE
s 9 se |
AN PN P~

« Polar analyte partitions into and out of adsorbed wa  ter layer

« Charged polar analyte can undergo cation exchange wi  th charged silanol groups

« Combination of these mechanisms results in enhanced polar retention

« Lack of either of these mechanisms results in poor pol ar retention

ELUTION ORDER IN NORMAL
PHASE
1
R 2 3
E
S
P
(0]
N
S
E VOID
TIME (MIN.)

Solvent Strength: HILIC (Normal Phase)

Scaling up from Analytical to Preparative in Normal
Phase Mode

Cobumn: Novafok Sdica, dym, 3.9men x | S0me

Solvent Strongest Mobila Phose: rexore,/Eind Acatcse, 99.5/0.5 | o 0
Wat 107 msu]dosdnf-m,onmd:mm ﬁj\m\)\ Poicsh Mot
ater — Donchon: /8 00 2 oo M
Methanol In HIILIC, utllllzmg .
Ethanol a Iess poiar N 3 ) ®
solvent can ﬁj\“’\*m /
Isopropanol . o
o increase the _ o
Acetonitrile ) ransisomer cisisomer
retention
Acetone of polar analytes s
Tetrahydrofuran P S ' AM
ML
Weakest o - Lﬁ =4 .
0 Minutes Waters “Golumns” Summer 1991
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Develop Methods Empirically Using Thin-Layer Chromatography (TLC)

t=0 FFA

l TG [«

o]
m

PE| pc SPH

LPC

Using Empirical Approach to Optimization of Solvents, Using Thin-

Layer Chromatography (TLC)

P I
: L2 . !
Schematic separation of simple lipids and TLC : RF (1) h
Y T e | CE phospholipids of plasma by high-performance : > . | L
TLC h L1 .
< 16 >
Two developments as far as "X" with chloroform- g
methanol-water (60:30:5 by volume), and a third
——
—— (F:m development to "Y" with hexane-diethyl ether- L1
X acetic acid (80:20:1.5 by volume). H PLC t t
Abbreviations: L2 k' R 0
—— PE « CE, cholesterol esters; (HPLC)
* TG, triacylglycerols; A tO
* FFA, free fatty acids;
L pC « C, cholesterol;
e SPH * PE, phosphatidylethanolamine;
=mmm= | (PC . PC, phosphatidyicholine; t. t 1 RF (TI_C)
e * SPH, sphingomyelin; R 0 ! R R S
* LPC, lysophosphatidylcholine. t (HPLC) RF (TLC)
http ://www lipidlibrary .co.uk/topics/tlc/index .htm 0
[ High Performance Liquid Chromatography . Chromatographic
PRINCIPLE OF SEPARATION: : Process Mobile phase.. -
| | [ | B+A
ION-EXCHANGE J Fize-excLusion J BIO-AFFINITY J CHIRALITY 1
I I SOLUTES: : I I
/ / / / Distribution:
INORGANIC IONS, POLYMERS, PROTEINS, =
ACIDS, BASES I UCLEIC ACIDS I e I ENANTIONERS 1 K=Cs/Cnm
I I CONDITIONS: I I : A
AQUEOUS BUFFERS SR ;
égf&%gﬁgUFFERS, IONIC | gLLJ\EEO’\L‘JTSSBUFFERS OR ORGANIC 233|$K/ECSIAL I éQRLéiNIL:: soRLVENTs I Elution thl’OUgh the Column Chromatogram
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lon Exchange Theory

Cation Exchange vs Anion Exchange

Cation Exchange Anion Exchange

3

A
= @

Cation exchange columns have a negative charge to at
Anion exchange columns have a positive charge to at

tract cations.
tract anions

Analysis of lons - lon Chromatography

ION (Mono, Di, Tri - Valent)

ION EXCHANGE

INSIDE A PORE IN THE STATIONARY PHASE
SAMPLE IONS IN

_ MOBILE
= PHASE
- ADDITIVES _

1. INJECTION

2. ADSORPTION:
DISPLACEMENT OF
COUNTER IONS

3. ELUTION

ANION CATION
Organic Inorganic Organic Inorganic
Acids F Amines Metals
Phenols CI- NH,*
lons can be characterized as:
organic or inorganic, anion or cation, mono or poly valent.
ION EXCHANGER
ANION EXCHANGE |
— K XY —
B*Y- + X B*X + Y-
lonic
Functional
Group CATION EXCHANGE |
\ — K ——
AM* + NH* A'NH* + M*

=== |IMMOBILIZED ON THE STATIONARY PHASE

Dr. Shulamit Levin, Medtechnica
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lon Exchange - Bonded Functionalities Columns’ Matrices
Cation Anion
R
- + +_ - aye
weak | WV EOOTNat] o AvvNER Cl « Silica-Based
Primary, St'condary
Carboxylic Acid | or Tertiary Amine * Polymer-based ion-exchangers
- Na+ R .
strong|  VVSOs Na A NR CI * Hydrous Oxide
R
Sulfonic Acid Quaternary Amine o,
=M-O-H =——— =M-O +H
Typical chemical functionalities used for commercia | exchangers. “M-O-H ™ =M +OH
ELUTION ORDER IN ANION ELUTION ORDER IN CATION EXCHANGE
EXCHANGE
A 1 1 > 3 A 1 l 2 3
E 2 3 OAc- OH- = E 2 3 K* Na* Li*
S S
P P
o 1 2 3 o) 1 2 3
N N
S cr NO;’ NO, S Ag*  Zn*t Al
E |© E |O
VOID VOID
1 2 3 | |
. NO; SO, S0,- .
TIME (MIN.) TIME (MIN.)
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Analysis of Anions

Column:  Waters IC Pak A/HR

Eluent: Borate / Gluconate
Fllow lRatle: 1 mL/min 1 Fluoride =1 ppm
A Injection: 100 L 2 BiCarbonate
4 3 Chloride =2
3 4 Nitrite =4
5 Bromide =4
6 Nitrate =4
7 Phosphate =6
8 Sulfate =4
5 6
S 7
WU
j - ——
0.00 5.00 Minutes 10.00 15.00

ION EXCHANGE

ANIONSl

RETENTION ORDER: Charge/Size Ratio
A <A <A |

When the charge is the same: charge/size deterthiegstention

F, OH > OAc >H2PO4>HC03>CI >N02>

> CN >Br > NO, >1

HSO 3

3

ION EXCHANGE

CATIONS |

Retention Order

MONO-VALENT

LiT>Ht*>Na *>NH 4t*>K *>Rb *>Cs *>Ag *

DI-VALENT
++ ++ ++ ++ ++ ++
Be++ > Mn Mg Zn >Co > M >Ca > Sr
TRI-VALENT transition
+++ +++ +++ metals
Al > M > Ce
Transition /
metals

++

H lon Exchange of Proteins H

Anion Exchanger
(positive surface attracts Cation EXChanger

-- Molecules anions/\) (negative surface attracts
++ molecules cation
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ENANTIOMERS:
MIRROR IMAGES OF ONE ANOTHER

g Amino Acids Analysis In Plasma - —
4 £ lon Exchange with Ninhydrin detection N [ High Performance Liquid Chromatography I
=
. % n PRINCIPLE OF SEPARATION: :
] ] I I | |
2 £ 2 / 4
5 ION-EXCHANGE I SIZE-EXCLUSION l BIO-AFFINITY CHIRALITY I
] ;; F i
& =
2 = B | SOLUTES: : | I
g i g INORGANIC IONS, POLYMERS, PROTEINS, /
PROTEINS &
] E 5 5 |5 SCIDSTBASES I I ENZYMES I NANTIOMERS
- E -
= § = i
-?iﬁ £s £ g g £ | CONDITIONS: | |
23 g =| = Bt /
% E | 1 g_ £2| = § 2 / /
= = L
| S ' | - rl Il ﬁ, 3 f AQUEOUS BUFFERS, IONIC | AQUEOUS BUFFERS OR ORGANIC | ang speant || FAQUEOUS OR
| |J L | ) MY RGEATN : SOLUTIONS ADDITIVES ORGANIC
L # Y 4 Ty I JT =1 SOLVENTS
T T T T T T W
1.00 2000 40.00 5000 8000 1wd08 11188
e L 60 seconds on stereochemistry
Hﬂﬁ A Asymmetric Lacking an alternative axis of symmetry,
ey existing as enantiomers
HC Chiral, "handed" having the potential to exist as two
3 \( nonsuperimposable mirror images
Enantiomers Two nonsuperimposable compounds,
) HC (stereoisomers) mirror images of one another
i Optical isomers that are  not mirror images
Diastereomers on one another
Enantioselectivit Selective preference of one enantiomer over
Y the other
Optical activity Experimentally observgd rotation of Fhe
0 H 3C (@) [((+) or ()] plane of monochromatic plane-polarized
light
HO OH Rors
R-lbuprofen S-Ibuprofen Absolute configuration about a
(active ) Racemate dissymmetric center

50:50 mixture of two enantiomers
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Stereospecificity in drug action

*

binding to proteins
transport through membranes

receptor recognition

*

metabolism

clearance

STEREOSELECTIVE
PROPERTIES

Only one enantiomer is active:
The additional enantiomer is
toxic:

Different pharmacokinetics:
Different rates and routes of
metabolism:

One enantiomer is agonist, the

other antagonist:

Different pharmacological
action and tissue specificity:

ENANTIOMERS vs RACEMATES

POSSIBLE GAINS FROM
USING ENANTIOMERS

Reduced dose and load on metabolism
Freedom in dose and broader use
Better control of kinetics and dose
Freedom of dose, reduction of variability
of patients' response

Enhanced activity and reduction of dose
Enhanced specificity and reduced side
effects;

use of the other enantiomer for different
medication

Chiral Recognition

Chiral separations are generally accepted to involve a3-pointinteraction with a system

component.
y ,,,,,,
A - - > Z ///%
b 4<C €« » Y>—10H2)n —O—ﬁl?
{
. |
D ---» 4 ---Z %Z
{ > .
A Qe e > vl y—(CHzy —o—¢
\
B * X \’/////z

Chiral Stationary Phases

Chiral Recognition

-

v

P

Y

Enantiomers

[]

)

W
J

!

V)

Less stable
adsorbate — \
More stable
\ F adsorbate
— || }J | ol
7
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Circular Dichroism:

Chiral Mobile  Chiral Recognition UV SPECTRA of POLARIZED LIGHT

Phases

o a ] d
_7 ) : E /iefat’/\\ & : peak Il
Emmnomeu b - o ]
[ S < W
‘ o b ~ 1 peak | ¢
‘ Lf Chiral mobile ab -] /"“k‘ =201\
J J phase additive ' E w3
= A \peaka S BT
Idemlcalch.lo Differential B R Y
matographic chromatographic o S “TA o 7
adsorption phase o peakl a7

\_‘_\\‘ Achiral sranmm
ary Phase

s =10f)]
pla — Giole]

pla — x10fDl
WA Gx10[)]
=
=

[ —

s Giolehl
.
{ AN
g
WA xiojd)]

|
7

Q
N\

Types of Chiral stationary Types of Chiral stationary
phases: phases:
sLigand exchange sLigand exchange
“Donnor -acceptor (Pirkle) Donnor ....... T SR .

*Chiral Host-guest (cyclodextrin) “sChiral Host=guest (eyclodextriny
eImmobilized proteins sImmobilized proteins
eImmobilized polysaccharides sImmobilized polysaccharides
*Macrocyclic Antiobiotics *Macrocyclic Antiobiotics
*Crown Ethers «Crown Ethers
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- Donor - acceptor (Pirkle) Type

Napthyl amino acids

Types of Chiral stationary
phases:

sLigand exchange
-Donnor -acceptor (Pirkle)

L q.mmo.b.ili.zed..pro.te.i.n.s ............................... ;
sImmobilized polysaccharides
*Macrocyclic Antiobiotics
«Crown Ethers

Chiral cavity by cyclodextrins

030 CHOH
N ch?g‘ m:%o M,
Q70 9 Ho
0ACl HO HO o
Joh HO HOt o
el HOCH m% HOHS o J\CHoH

HOCH,»/ ffod \o=0
o AL N
oo™ HOH oH HOA? on )
“ 0 oH Y R
HOCHIO oH S An B w 0 HO,
&m HOCHA J-on w{"“‘o onc\ o - o
CHOM 5. QH HO 0 %0 o o
con Ko ey 10, fA0 D'm o
cu,or? o ohoH CHOR 0€g7” OHM
CD No.Of units size A Molecules included Chiral centres
alpha 6 4.5-6.0 5-6 membered aromatic 30
beta 7 6.0-8.0 biphenyl or naphthalene 35
stibstititedpyrenes-and
gamma 8 8.0-10.0 Cteroid 40

Types of Chiral stationary
phases:

sLigand exchange
-Donnor -acceptor (Pirkle)
«Chiral Host-guest (cyclodextrin)
..1mmob”.|.z.e.dpoiysacc.ha.ndes .......... H
*Macrocyclic Antiobiotics
«Crown Ethers
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Protein
Columns

Types of Chiral stationary
phases:

sLigand exchange
-Donnor -acceptor (Pirkle)
*Chiral Host-guest (cyclodextrin)
sImmobilized proteins
ST 'Macrocyci"rc'A'ntio'br'rotics ...................... ;
«Crown Ethers

Immobilized polysaccharides:

Amylose
HC or
D Cellulose
CHy
HN
Jc=o0
o o Oo
vA/ ) O,
033*%{ -

tribenzoate
tris phenylcarbamate
triacetate

Types of Chiral stationary
phases:
sLigand exchange
-Donnor -acceptor (Pirkle)
«Chiral Host-guest (cyclodextrin)
sImmobilized proteins

*Crown Ethers

Dr. Shulamit Levin, Medtechnica

Shula_Levin@medtechnica.co.il




High Performance Liquid Chromatography - HPLC

Introduction, Modes and System Suitability

Separation of enantiomers of amino

macrocyclic glycopeptide acids on eremomycin CSP. Column

antibiotic eremomycin chemically bonded to silica

250mm  mm. Eluent: methanol-0.1M NaH2PO4 (20:80, v/v), 0.7
ml/min.

Journal of Chromatography A, 1108 (2006) 263~

Crown Ether Type of Chiral Stationary
. . Pha .
Types of Chiral stationary _ Phenylonine
phases: N o ChmSP RCAS) r B
S M SR o
-Ligand exchange o wes X oM e i W
. o Flow Rate: 1.5 mL/min
-Donnor  -acceptor (Pirkle) s P! bt Ly
«Chiral Host-guest (cyclodextrin) S i N
«Immobilized proteins L , o
. . e Phenylglycine
eImmobilized polysaccharides e i P
. . ., ‘olumn: ChiroSil* + NH
.....Macrocyclic Antiobiotics : e m
«Crown Ethers 0%%\\9 ~ E?z?“?g?’m 0
[ Run Time: 13.1 min
RGN = -
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[ High Performance Liquid Chromatography

SIZE EXCLUSION CHROMATOGRAPHY

PRINCIPLE OF SEPARATION:

ION-EXCHANGE J IsizeexciLusion J go-AFFNITY J CHIRALITY 1
I I SOLUTES: :

/

/

I
/

|
/

INORGANIC IONS, I POLYMERS, PROTEINS, I ¢ TR
ACIDS, BASES NUCLEIC ACIDS RovNES I ENTIENERS 1
I I CONDITIONS: I I

/

AQUEOUS BUFFERS, IONIC
SOLUTIONS

/

[SOLVENTS ADDITIVES

/

AQUEOUS BUFFERS
JAQUEOUS BUFFERS OR ORGANIQ | AND SPEGIAL

AQUEOUS OR
ORGANIC SOLVENTS

Gel Permeation Chromatography -GPC

MOBILE ) STATIONARY
PHASE » -, ASE
o S Pf\
.

Gel Permeation mechanism

ELUTION ORDER:
LARGER ELUTE FIRST

Separation Mechanism

depending upon the

5

o0
0,

The gel pores may be of uniform size or a blend of

Macromolecules eluted by decreasing o

A dissolved polymer (comprised of a mixture of mole
through a porous gel-based stationary phase

column(s) chosen...

cules) passes

mixed sizes

Separation Mechanism

Molecular size (molecular hydrodynamic volume)
governs separation process.
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mmnzz0ovunmao

ELUTION ORDER IN SIZE EXCLUSION (GPC)

4 MW
1 5 1 100,000
VOID
2 50,000
) 3 20,000

ELUTION VOLUME (mL)

MOLECULAR WEIGHT
DISTRIBUTION

M

mMwzOooTwmD

ELUTION VOLUME (mL)

Gel Filtration/Size Exclusion/Gel Permeation

Polymer Peak
GOK 290K 1d

.

Narrow standards

C ./~

Calibration
curve

™

Log spok
Mw 250K
100K

25K

Elution Time or Volume

2890000 / o0

Principles of Calculations
Step 1
Processing standards:

Obtain Elution volume from data.
Plot of log (M) versus f (Elution volume).

35500Q /"3900

Log(M)
I O S ]
c
g
El
<
s
5
@

0.00

10.00 20.00 ~ 30.00 40.00
Minutes

Dr. Shulamit Levin, Medtechnica

Shula_Levin@medtechnica.co.il




High Performance Liquid Chromatography - HPLC

Introduction, Modes and System Suitability

Principles of Calculations
Step 2

Processing unknowns:
The signal is cut in slices (width dt)
Each slice is characterized by
Elution volume, Vi
Area Hi.dt = niMi
With the calibration curve Vi gives the MW in each slice, Mi
ni for each slice is determined by the area and Mi
Therefore Mn, Mw... can be calculated

Mn, Mw, Mz, |, ...

A

10.00 1500  20.00 25.00  30.00
Minutes

GPC, Principles of Calculations

Individual GPC Sample Result

Feporedy Usee_Systom Propetrre. GoC ool

SAMPLE INFORMATION

> Sample information: Date injected,
processing method, injection volume

| Chromatogram

Distribution curve
Cumulative curve

| Molecular weights results

Clinical Applications

Test of haemoglobin variant for Thalassemia

[ High Performance Liquid Chromatography I

PRINCIPLE OF SEPARAT

| [ | |
/7 / /71 7/

ION-EXCHANGE J SIZE-EXCLUSION J | BIO-AFFINITY “ CHIRALITY I

I I SOLUTES: : I

|
/7 / / /

INORGANIC IONS, I POLYMERS, PROTEINS, I
PROTEINS &
ACIDS, BASES NUCLEIC ACIDS ENZYMES I ENANTIOMERS. 1
CONDITIONS: I I

T
/7 7/ / /7

AQUEOUS BUFFER!

AQUEOUS BUFFERS, IONIC | AQUEOUS BUFFERS OR ORGANIC | AND SPEGIAL AQUEOUS OR
SOLUTIONS SOLVENTS e ORGANIC SOLVENTS
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Affinity Chromatograpy (AC)

++ o+
$
%
$
AC relies upon a reversible highly specific binding reaction.

(o1

Affinity
Chromatography

#0

Glycohemoglobin in Blood

Glycated proteins differ from non-glycated proteins b y the attachment
of a sugar moiety(s) at various binding sites by me ans of a
ketoamine bond. Glycohemoglobin (GHb) thus contains 1 , 2-Cis-
diol groups not found in non-glycated proteins.

These diol groups provide the basis for separation o f glycated and
nonglycated components by boronate-affinity chromato graphy (1-
3). In this analytical technique, a boronate such a s phenylboronic
acid is bonded to the surface of the column support

Dr. Shulamit Levin, Medtechnica

Hydrophobic Interaction Chromatography (HIC)

Shula_Levin@medtechnica.co.il




High Performance Liquid Chromatography - HPLC

Introduction, Modes and System Suitability

Hydrophobic Interaction Chromatography (HIC)

h dsrlcl)?)mtc%ic Reasonable Quite Hydrophobic
4 sample hydrophobic hydrophobic ligand
component. sample sample
component component.
1. Equilibration. 2. Sample 3. Gradient elution.
application and Elution order: g

wash.

Typical HIC Gradient Elution

Seven Basic Considerations in Choosing HPLC Operati  ng
Parameters

e

Solubility - Hexane, Chloroform, Methanol, Water ( buffer pH), other?

n

Molecular Weight - Would GPC be useful in either  the
analysis or sample prep?

«

Functional Groups - Any ionizable groups? Acidic, Basic, or Neutral?

]

Sample Matrix - What amounts are expected in matr  ix for
either analytical or preparative isolation?

)

Levels in Matrix - What amounts are expected in mat  rix for either
analytical or preparative isolation?

e

Detectability - Any chromophores or fluorophores?
Consider Redox or derivatization.
Together with point #5, an appropriate detector is chosen.

N

How Do Species Differ - An important clue to man ipulate selectivity
in the separation, especially if compounds are simi lar in their
structure.

LAYOUT

* Introduction & Applicability
* Modes of Chromatography

» Quantitative work and System
Qualification.
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Measurement of Area - Integration Peak Detection
Area = S Abs x dt
Peak Apex
Detector g
Signal
Peak Height
Constructed
Start of Baseline
chromatogram
JLPeak Start Peak End
B
\unuuu.mm\ﬂ\u\”\ﬂn PR RARATARARRRRRTI RN R ETIARAR AR ATIARAR AR nH\H\U\”\Unu\ﬂ\ﬂ\ﬂ\ﬂnmm\-\.n..mmuuuum Retention Time

Time

Working Curve

O A plot of the analytical signal (the instrument or detecto r

response) as a function of analyte concentration, using a series System Su |tab|||ty

of standards of known concentration.

Quantitative Criteria for
System Capability to Perform
v the Claimed Task

The working curves are then used to determine the concentrat ion of
an unknown sample or to calibrate the linearity of an analyti cal
instrument.

Dr. Shulamit Levin, Medtechnica
Shula_Levin@medtechnica.co.il



High Performance Liquid Chromatography - HPLC

Introduction, Modes and System Suitability

PEAK BROADENING During the Chromatographic
Process due to Diffusion:
Intereferes with Separation

25N

k' = Capacity Factor = Measure of Retention

RETENTION FACTOR or CAPACITY RATIO

tR-to C
k= k= >
to Crm

- t1 t2 t3

0 A /\ /\_
TIME 0.5 1 2 5

K= 1051
0.5

kt1=t1-10 'téo K ,= 2-053
0.5

Kt3= 50509
0.5

PERFORMANCE CRITERIA

Mixed-Mode Retention: The major
cause of peak distortion

BY ONE PEAK
RETENTION FACTOR or CAPACITY RATIO ASYMMETRY FACTOR !
‘ tr-1o CS
k' = k=
t Cm
0
TAILING FACTOR - O
t Mobile
R Phase pPH <3 *
Si- OH O
Mobile
Phase PH>3
NUMBER OF THEORETICAL PLATES Si—-0~
A h B
N/,
W N—
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$# % $

&
C )

% & () %o &

# % # 9

- -

iy o+

-+ 1" EE
[
—

PERFORMANCE MEASURED BY TWO PEAKS

SELECTIVITY FACTOR

PERFORMANCE BY TWO PEAKS
EXPERIMENTAL Equation of RESOLUTION

4

t
. R(1) tre)
EXPERIMENTAL RESOLUTION
t
0
f T A\ T T
Wi Wo
SELECTIVITY vs EFFICIENCY
t -t
_ pee RO'R®
S= ___ ___~  samein both cases
172w 1+ W o)
LOW SELECTIVITY ( ) HIGH SELECTIVITY ( )
HIGH EFFICIENCY (N) LOW EFFICIENCY (N)
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